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Abstract
Self-Compacting Concrete (SCC) is a flowing mixture that consolidates under its own weight and a highly workable concrete 
that can flow through densely reinforced and complex structural elements. The source material like a granular aggregate is often 
used in construction but difficult to find and the price is expensive. In developing country like Malaysia, the demand of natural 
sand is quite high to the rapid infrastructural growth. The aims for this paper is to study the effect of coal bottom ash on the 
replacement level of coal bottom ash as partial replacement of fine aggregate in SCC and to investigate the effect of coal bottom 
ash on the split tensile strength. The test involved designation of 0%, 10%, 20% and 30% of coal bottom ash (CBA) as a partial 
replacement of fine aggregate with variation of water cement ratio of 0.35, 0.40 and 0.45. The results shows that slump flow, L-
box ratio and sieve segregation resistance of SCC mixtures with CBA are decreased, while T500 slump flow time increased with 
the increase of CBA replacement level. The highest tensile strength of SCC is 4.25 MPa achieved by control sample with the 
water cement ratio of 0.35 at the age 28 days. The increment of CBA replacement levels resulted in the reduction of split tensile
strength and density of SCC. Meanwhile, the increment of water cement ratio was reduced the split tensile strength of SCC.
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1. Introduction
Concrete is a man-made mixture material most widely used in the world. In old times, concrete was often referred 
to as liquid stone. Concrete usage can be backdated to as far as the Roman time or earlier where the structure 
survives today. There exist different types of concrete. One of the most popular concrete used is the mixture of 
Portland cement, mineral aggregates and water. The mechanism of concrete is that it is often solidifies as the cement 
hydrates and glues all the other components together. Concrete success is due to the availability of its raw materials 
that have a large spreading throughout the world and thus its low cost materials. In addition, its properties and the 
performances play the vital role to grant it usage in a large scale of application. Moreover, concrete’s performances 
have continuously risen in order to meet the society needs largely on the infrastructure demand.
As concrete has becomes common construction materials and more widespread, the specifications of concrete like 
durability, quality, compactness and optimization of concrete becomes more important. This fact leads to important 
research and development regarding its design and preparation. Moreover, green technology concern has become an 
important challenge in today’s present world in which concrete development and design has to take into account. As 
such, the product has to be environmental friendly both during its fabrication process and restore its sustainable 
aesthetical structures over the period of time.
Self-compacting or self-consolidating concrete (SCC) is a type of concrete that can be considered as a one of the 
recent developing types of contemporary concrete. SCC was first developed and prototyped in Japan in 1988 for the 
reason to improve the durability of concrete structures by improving quality in the construction industry. The first 
usable version of SCC was completed in 1988 and was named as “High Performance Concrete”. Since then, various 
investigations have been carried out and have been used in practical structures in Japan, mainly by large construction 
companies. Use of SCC in the construction industry has grown significantly due to its technical advantages (Ouchi, 
2013).
SCC is an innovative concrete mixture that can be mold into place without the use of vibrators to form a product 
free of empty spaces within the formwork. It is a flowing mixture that consolidates under its own weight and it is 
also a highly workable concrete that can flow through densely reinforced and complex structural elements. It is 
adequately filled all voids without segregation, excessive bleeding, excessive air migration or other separation 
material and without the need for vibration or other mechanical consolidation (Hamzah et al., 2015). Generally, SCC 
is achieved using new generation superplasticizers to reduce the water-binder ratio. In addition, supplementary 
cementations or inert materials such as limestone powder, natural pozzolana, fly ash and bottom ash are also used to 
increase the viscosity and reduce the cost of SCC. Except for the non vibrators usage, the similar behavior is 
achieved in normally vibrated concretes in which the same components are used with a higher content of fines and 
using very powerful superplasticizers.
Many researchers have conducted studies on the self-compacting concrete by mixing additives like fly ash and 
bottom ash. Both ashes are suitable as additive for SCC works as well as reduce environmental pollution caused by 
that waste. The bottom ash is a by-product from the combustion of coal which usually has no proper utilization. In 
most developed country like Malaysia, the by-product from thermal power plants has been widely used in concrete 
industries as a pozzolanic material for replacing a part of cement due to its main benefits on workability and 
durability (Kasemchaisiri & Tangtermsirikul, 2008; and Zainal Abidin et al., 2014). Coal bottom ash (CBA), due to 
its hard and light weight attributes, is a good alternative for sand and suitable for fine aggregate use. In addition, 
Mohd Sani et al., (2010) stated that bottom ash is used as fine aggregate in producing lightweight concrete masonry 
and as a cement replacement in structural and masonry purpose. The use of coal bottom ash as pozzolanic addition in 
cement would revolutionize the cement industry.
This paper aims to study the effect of coal bottom ash on the replacement level of coal bottom ash as partial 
replacement of fine aggregate in SCC and to investigate the effect of coal bottom ash on the split tensile strength. 
Tensile strength is one of the most important fundamental properties of concrete. An accurate prediction of tensile 
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strength of concrete will help in reducing the cracking problems, improve shear strength prediction and minimize the 
failure of concrete in tension due to inadequate methods of tensile strength prediction. 
2. Literature Review And Hypotheses 
The strength development of coal bottom ash concrete is relatively slow and usually starts beyond 28 days. It is 
dramatic increase in performance is noticed beyond this period due to the delay in pozzolanic reaction but when 
increasing in the percentage of bottom ash replacement level, the compressive strength, flexural strength and density 
of bottom ash concrete were decreased (Abubakar & Salleh, 2012). The fines bottom ash is considered to be used as 
sand replacement in concrete because of their similar particle size distributions and specific densities. Compared 
with the sand used, the fines bottom ash contain higher amount of fineness content (1.29% by mass) and with a loss 
on ignition of 3.87% by mass (Tang et al., 2014). 
Naik et al. (2004) has investigated the physical properties of SCC with different morphology and grain-size 
distribution. The findings shows that when incorporation of one or more mineral additives or powder materials, can 
improve particle-packing density and reduce inter-particle friction and viscosity of SCC. However, according to 
Kasemchaisiri & Tangtermsirikul (2008) reported that total porosity of concrete was increased with higher contents 
of bottom ash mixes in SCC.
A study on the factor affecting split tensile strength was reported by several researchers. According to Sandhya & 
Reshma (2013), they have observed that the tensile strength of concrete decreases with the increasing percentage of 
bottom ash but the strength increases with the age of the curing. The total of porosity of SCC concrete also increased 
when the replacement level of bottom ash is increasing (Kasemchaisiri & Tangtermsirikul, 2008). The percentage of 
the powder content increased, the density of the concrete also increased correspondingly when compared with the 
control concrete (Kadam & Patil, 2014).
3. Materials and Mix Design
3.1. Fine and Coarse Aggregates
Coarse and fine aggregate were used in this study was taken from the storage of concrete laboratory. Based on 
BS EN 12620:2002, the aggregate used was dried in the oven in 24 hours at 105 ± 5°C temperature and sieved it 
passing in size 16 mm and retained in size 10 mm for coarse aggregate and passing in 5 mm for fine aggregate. The 
ratio of fine aggregate is 55% of total aggregate weight.  The aggregates that have been sieved and collected were 
kept in a safe place before mixing. 
3.2. Coal Bottom Ash
Coal bottom ash (CBA) used in this study was supplied by Kapar Energy Ventures, Selangor. The coal bottom 
ash was treated same as fine aggregates which dried in the oven for 24 hours at 105 ± 5°C temperature and sieved it 
passing in size 5 mm. The percentage of coal bottom ash is used as a partial replacement of fine aggregate which is 
10%, 20% and 30%. Figure 1 shows the particle size distribution of fine aggregate and coal bottom ash. 
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Fig. 1. Particle size distribution of fine aggregates and coal bottom ash
3.3. Cement
The cement used in this study was Portland composite cement types. The type of cement is multi-purpose cement 
in compliance with MS 522:2007 and BS EN 197-1:2000. This material easily obtained and normally use in the 
construction work. Table 1 show the chemical composition of cement and CBA.
Table 1 : Chemical composition and mix proportions of concrete
Content




Aggregates CBA Water Sp
w/c 
ratio
SiO2 22.00 68.90 SCC-0-CBA 0.35 86.89 111.62 136.42 0.00 30.41 0.17 0.35
Al2O3 8.35 18.67 SCC-0-CBA 0.40 80.81 111.62 136.42 0.00 32.32 0.16 0.40
Fe2O3 3.92 6.50 SCC-0-CBA 0.45 75.66 111.62 136.42 0.00 34.05 0.16 0.45
CaO 58.93 1.61 SCC-10-CBA 0.35 86.89 111.62 122.78 13.64 30.41 0.23 0.35
K2O 1.01 1.52 SCC-10-CBA 0.40 80.81 111.62 122.78 13.64 32.32 0.20 0.40
TiO2 0.72 1.33 SCC-10-CBA 0.45 75.66 111.62 122.78 13.64 34.05 0.19 0.45
MgO 0.52 0.53 SCC-20-CBA 0.35 86.89 111.62 109.14 27.28 30.41 0.28 0.35
Na2O 0.26 0.24 SCC-20-CBA 0.40 80.81 111.62 109.14 27.28 32.32 0.26 0.40
CO2 0.10 0.1 SCC-20-CBA 0.45 75.66 111.62 109.14 27.28 34.05 0.21 0.45
MnO 0.15 - SCC-30-CBA 0.35 86.89 111.62 95.50 40.93 30.41 0.36 0.35
LOI 1.72 2.68 SCC-30-CBA 0.40 80.81 111.62 95.50 40.93 32.32 0.32 0.40
SCC-30-CBA 0.45 75.66 111.62 95.50 40.93 34.05 0.30 0.45
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3.4 Water and Superplasticizer
The water used in this study is from tap water which free from impurities. The usage of tap water is an 
alternative of controlling the quantity of water since its most practical solution and it is accordance to BS EN 1008 
(2002). In this study, there were 3 different mixture of SCC with altered water/cement ratio which is 0.35, 0.4 and 
0.45. The polymer-based superplasticizer (Sp) which has a specific gravity of 1.09 with pH 5.29 was used to attain 
appropriate viscosity and governing the rheological properties of the mixtures. Superplasticizer was used at a dosage 
rate of 0.1 % to 2% by weight of cement.
3.5 Mix Proportions
The four mix proportions with different water cement ratio of 0.35, 0.40 and 0.45 were casted. The CBA 
replacement levels of 0%, 10%, 20% and 30% were used to replace fine aggregates by volume. After the concrete 
mix proportions are obtained, the trial mixes was tested to check their fresh properties and strength. In this study, the 
proportioning process is simplified as the water cement ratio, quantity of cement, quantity of admixtures, percentage 
of coarse and fine aggregates are prefixed as shown in Table 1.
4. Experimental Works
The cylinder mould of 150 mm diameter × 300 mm high were used to cast the specimen for split tensile strength 
test. In determining the fresh properties, the slump flow, slump flow time (T500), L-box test and segregation 
resistance test were performed. These tests are conduct to ensure the fresh state of concrete have an excellent 
passing ability, filling ability and segregation resistance. The procedure conducting the test as described in BS EN 
12350 (2010). For each mixture, the split tensile strength was determined at 7, 14 and 28 days of water curing with 
the provisions of the BS EN 12390-6 (2009).
5. Result and Analysis
5.1 Fresh Properties of Self-compacting Concrete
The increment of CBA in the mixture has changed the fresh properties by observations. As shows in Figure 2 
and Figure 3, the mixtures of 10% and 30% CBA shows the highest and lowest value of slump flow respectively.
T500 test were conducted to investigate the viscosity in terms of resistance. The control mixture for all w/c ratios 
show that time taken for slump spread is less than 3 seconds. For mixtures of 10%, 20% and 30% CBA, the time 
taken were increased with the higher replacement of CBA. This is due to the flow of SCC mixture high viscosity 
than control mixture.
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Fig. 2 : Slump flow of mixtures Fig. 3 : Slump spread time of mixtures
Fig. 4 : L-box blocking ratio Fig. 5 : Sieve segregation resistance
Figure 4 specifies the result of passing ability of mixtures. The control mixture obtains the highest L-box ratio 
compared to others mixture. The results indicate significant decrease of the ratio with the increment of replacement 
of CBA in SCC. The ratio decrement also parallel as increases water cement ratio. Meanwhile, the data of 
segregation resistance are recorded in Figure 5. It can be concluded that the increases of replacement level of CBA 
shows the lower segregation resistance. The decrease percentages of segregation resistance were from 0% to 30% of 
replacement level. In terms of water cement ratio, the ratio of 0.45 shows the high segregation resistance compared 
to 0.35 and 0.4. The mixture which have lowest water cement ratio has small segregation percentage. This happened 
because of the different value of water cement ratio and replacement level of CBA, which affected the percentage of 
segregation resistance.
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5.2 Split Tensile Strength
Densities of concretes are recorded as shows in Figure 6. The results indicate control mixture achieves the 
highest density while 30% replacement level of CBA shows the lowest density. It can be concluded that the 
increases of replacement level of CBA is parallel with the decrement density of concrete specimen. The decreasing 
in density of concrete is the result of increases replacement level of CBA which affected the density in all mixtures. 
Meanwhile, the lower water cement ratio shows higher density of concrete. It is understood that the variation of 
water cement ratio would affected the concrete density.
Fig. 6 : Density of concrete Fig. 7 : Tensile strength for w/c 0.35
Fig. 8 : Tensile strength for w/c 0.40 Fig. 9 : Tensile strength for w/c 0.45 
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Fig. 10: Tensile strength at 28 days
The tensile strength development shows the increases of strength with the increases of curing age (Figure 7-9). 
However, the increases replacement level of CBA as fine aggregate shows that decreases tensile strength compared 
to the specimen control replacement level. Thus, the tensile strength also was reduced when w/c ratio is increased. 
As shown in Figure 10, it is shows that the mixtures of 0.35 water cement ratio have developed the strongest tensile 
strength compared to other water cement ratio.
Relationship between Split Tensile Strength and Concrete Density
Fig. 11: Relationship between tensile strength and density of SCC
The concrete density can be linked with split tensile strength of SCC. From the observation, the highest tensile 
strength has highest density of SCC. This is happened because of the decrement of concrete density can be affected 
the tensile strength of SCC. In Figure 11, the results indicate significant increase replacement level of CBA with the 
decrement of density and tensile strength of SCC. The tensile strength development shows the increases of strength 
with the increases of curing age. However, the increases replacement level of CBA as fine aggregate shows that 
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decreases tensile strength compared to the specimen control replacement level. The relationship between split tensile 
strength and density of concrete is reliable and accepted for all water cement ratios since the value R2 is proximate 
to 1.
6. Conclusion
Coal bottom ash is very potential replacement for the fine aggregate in SCC despite to its inactive pozzolanic 
reaction due to which it is rarely use in concrete,. However, for a newly development material like SCC studies on 
compressive, split tensile and flexural strength are of paramount important for instilling confidence amongst the 
engineers and builders. The literature indicates that while some studies are available on the compressive strength, 
split tensile strength and flexural strength of SCC, comprehensive studies involving the relationship between the 
parameters compressive strength, split tensile strength, flexural strength are not available. Hence, considering the 
gap in the existing literature, an attempt has to be made to obtain a significant result of SCC on the splitting tensile 
strength.
i. The results of fresh concrete revealed that average of slump flow, L-box ratio and percentage of 
segregation resistance reduced while increasing the replacement level of CBA but the slump flow time 
increased because of CBA has absorbed the mixture water contents.
ii. The tensile strength of SCC was reduced when the replacement level of CBA increase but the strength 
development increases at the age 28 days. The highest tensile strength of SCC containing CBA is 3.28 MPa 
which is 10% replacement level with the w/c ratio of 0.35.
iii. The 10% replacement level of CBA with water cement ratio of 0.45 could be considered as optimum 
content of replacement level which the strength at 28 days is 38.1 MPa.
iv. The reduction of SCC density is parallel with the increment of replacement level of CBA and shows much 
of pore refinement to the specimen.
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